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An outlins is given or ths work being done on the program of
attenuation measurements of radia frequency cable over the frequency range
of 2600 to 10,600 m=/ssc. Rerulte of measuraments on a escond group of
cabies are given for the frequuncies completed ts d4at . Evidencs is also
presented which leads tc the -on-luslon thnat the g3 'nd past history of
ceble is of considerabls importance in tre detearmiwatisn of s.tteration
veiues. Tne program for tha avaluation of ceb s -, .vtr.cti 1 as it affects
attarmustion Las beeu contirued anvd the gxperime ma’ <r slas 1av? been mea-
sured over the fraguerncy rargs of 2500 %o 10 .0(. n-/so  Raciit. are dis-
sucged and tertative conciusions seem to indiscis the “speninnes of good
attenuaticrn chararisristiss of RF cablas st boghes freaueicied apor hraid
construction and ths typs of meterial used. ™.s cc clisions 1ead to the
beiief that trom the attenuation standpoint, .+ may be nussible 4o hawe a
singies braided good RF cadls at frequencias up 5 10,700 mo/sec. Work
being done on leakage measuraments of some experimental ceblies a’ 5000
mr/sac, are discussei.
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I. Introduction

The pur, .o of this contract is to conduct a measurement program
on the attemation charaoteristics of RF coaxial oables, over a frequency
range of frem 100 to 10,000 mc/sec. The emphasis is placed upon the 2600
to 10,000 mo/sec. range aince there has been little published information
over this frequency range and it is also a region where anomalous attemuaticn
behavior has been experienced. These measurements will bring up to date the
attemuation speoifications of available cables listed in the publicaticn,
"Attenuation of Standard RF Cables", Bureau of Ships, Ccde 817, dated May 1953,
and where pcssible extend the frequency range to 10,000 mc/seo. The program
will also include a limited investigation of attenuation as a function of
cable scons truotion in the same region.

The measurements on the second group of cables have been completed
up tc and inciuding 10,000 mc/sec. Data and curves are shown for the five
RF ocables as well as two additional oables (RG-14/ﬁ, RG-'M/U) obtained from
the Uncerwaler Sound Laboratory. The latter cable is of unknown origin and
aze a=’ thue lies outside the 1limits of the present series of measurements.
Vieyever, .». data is presented here for informational purposes.

‘“he eroup cf seven special oables involved in the program of
iovestigaiing the ancmalcus attemuntion behavior of some RF cables above
3009 mc?o':. L.aTe been measured for attemation up to 10,000 mc/seo. and
a ten.ative evaluation has been made. The results have been studied and
deem to ‘rdizate depsudency of good attemuation characteristics upon braid
oons*truc- lor a1l type of material used. The possibility of obtaining a
500d sin I3 s 1ded RF cable at frequencies up to 10,000 mc/sec. seem quite
3( de-

I' we3 als found that the attenuation behavior of RF cables was
& faictioi. =T the history and ags of the particular sample. The program
oo lavertigating thin matter is discussed.

A “eakiuge measurement program is also described with a view
tosrlr oo ruraving leakage data with the anomalous attemuation behavior
~f cab 8 !iks RG-S/ﬁ.

II __Work in Progress

A. Proourement of Teat Samples

The total number of sample oables, purchased and government
furnished, received to date are as follows.
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1. RG-5A/U= 360 ft.
2. RG-9A/U» 350 "
3. RG-lO?éhtt 521 "
4. RG-21/Us 200 "
5. RG-116/U* 143 "
6. RG-lljéU 500 "
7. RG-11/Us 260 "
8. R3-85/U 300 "
9. RG-20/U 500 "
10. RG-34/U 560 "
11. RG-18/Ue» 360 "
12. RG=141/U*e 200 ™
13. Re-58A/Us 200 "
14. RG-8/Us» 300 "
16. RG-55/Ues 300 "
16. RG-35/U 400 "

In addition we have received samples of RG-14/U and RG-l?/U from
the Underwater Sound Laboratory, for measurement over the frequency range of
5000 to 10,000 mo/sec. as follows.

17. RG-14/Ue» 160 ft.
18. RG-74/Us» 80 "

The following special cables have been received from Surprenant
Marmufacturing Company.

1. (SP1639) RG-9A/U Core - Single RG-8 type silver copper braid,

2. (sris40) " " ~ Single RG-9 " " "
(18t braid).

3. (SP1641) RG-9A/U Cable with double Cu braid in place of
silver coated Cu.

4. (SP1642) RG-9A/U Cable with a thin dielectric between the
two braids.

6. (SP1643) RG-9A/U Cable with a thiok dielectric between the
two braids.

6. (SP1644) RG-9A/U Core - Single RG-8 type silver coated
copper braid and armour with dielectric in place of the
Jacketing material

7. (SP1645) RG-9A/U Cable with 1st braid RG-8 type silver .
coated Cu braid. All else the same.

.‘Samples used in the first set of measurements.

-
Samples used in the second set of measurements.
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B. Procurement of Connectors

Conneotors and adapters have been obtained for most of the cables
involved in the measurement program. It has also been possible to adapt
connectors for use with the special cables. Hcwever good RF conneotors have
not yet been obtained for RG-34/U, RG-118/U, RG-20/U and RG-85/U.

C. Measurement Program

Measurements were continued on the second set of cables up to and
incluj%ng 10,000 mo/sec. The cables are as follows and include RG-14/U and
RG-74/0.

Cable Type Total Length Connectors Used Nominal Impedance
7. RG-8/0 300 ft. UG-21D, UG-23D 52.0
8. RG-10/U 21 " UG-21D, UG-23D 52.0
9. RG-55/U 300 " UG-88/U, UG-89/M 53 .5
10. RG-18/4 360 " UG-167A/U 52.0
11. RG-14%U 200 " UG-88/1, UG-89/U 50.0
12. RG-14 150 " UG-204B 52.0
13. RG-74/0 74 UG-204B 50.0

The measurement method is that described in previous reports,
using equipment and arrangement as shown in Figs. MRI-13096 and MRI-13907.

These cables with the exception of RG-14/U and RG=74/U were mea-
sured at 25600, 3000, 4000, 5000, 6000, 7000, 8000, 9000 and 10,000 mc/sec.
RG—14/V and RG-74/U were measured at the same frequencies beginning at
5000 mc/sec. Curves of attenuation vs. frequency for these cables are shown
in Fig's. MRI-14206 thru MRI-14212. The results are tabulated in Table I.
It should be noted here that RG-14/U and RG-74/U are cables of unknown
history and age and as such do not fit into the present measuring program.
However, in the absence of additional samples and at the request of the
Underwater Sound Laboratory the results are being presented for informational
purposes. The values for RG-14 seem to agree with the result obtained by
the Underwater Sound Laboratory (see letters, serial nos. 1310-183 and
1311-161 and attached curve, Fig. MRI-13916 in Fifth Quarterly Report) up
to 7000 mc a% which point the wvalues diverge the MRI values inoreasing more
rapidly with frequency. This may be due to the age and handling of the
partioular cable sample since further measurement seem to indioate much
lower values after flexing of the sample. Further investigations into these
results are being made. The values for RG-T4/U oable are quite different
from that obtained by the Underwater Sound Laboratory, however the slope of
the attemuation curve is the same. The difference again, may be due to the
handling, age and history of the partioular oable.
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At the higher frequencies most of the cables begin to exhibit
various forms of instability. For example an extreme case would be a change
in insertion loss due to hand effect. In less sensitive cases a physical
dis turbance of the cable will cause a change in reading and it may or may
not return to its initial value after testing. This is in part due to the
fact that at the higher frequencies where some cables have a high attenuation
per foot the sensitivity to any disturbance is extremely high. As a result
difficuliies were encountered with RG-8/U and RGmlB/U where different samples
of cable gave different results and offtimes the same sample would vary. In
contrast a cable like RG-9A/U is relatively stable under most conditions even
at higher frequencies.

The sample of RG-8/U used in these measurements was purchased from
a supplier and so little is known of its previous history. From 7000 to
10,000 mc/sec. the attenuation seemed to be a function of the handling of the
cable and so a range of results are plotted. The same effects and results
are noted for most of the other cables at the higher frequencies which are
plotted in a similar manner. These results indicate the dependence of
attenuation characteristics on the age and handling of the samples and in
order to check this further a small program was set up to test a number of
cable samples under different conditions. The initial results show that
depending upon the age and amount of flexing and of course the type of cable
construction, different values of attenuation are obtainable for the same
sample. This is very apparent at the high end of the band and the measure-
ments are being continued to determine its behavior as a function of fre-
quency. i

D. Measurement Program on Special Cables

The following special cables were measured for attenuation at
frequencies of 2500, 3000, 4000, 5000, 6000, 7000, 8000, 9000 and
10,000 mo/sec.

1. (SP1539) RG-9A/U Core ~ Single RG-8 type silver copper braid.

2. (sPisg0) " - Single RG~9 type d " "
(1st braid).

3. (SP1641) RG~9A/U Cable with double Cu braid in place of
silver coated Cu.

4. (SP1542) RG-9A/U Cable with a thin dielectric between the
two braids.

5. (SP1543) RG-9A/U Cable with a thick dielectric between the
two braids.

6. (SP1544) BG-9AMS Core - Single RG--8 type silver coated
copper braid and armour with dielectric in place of the
Jacketing material,

7. (SP1545) RG-9A/U Cable with lst braid RG-8 type silver
coated Cu braid. All else the same.

The results are tabulated in Table II and the curves of attenua-

tion vs. frequency are shown in Fig's. MRI-14213 thru MRI-14217, and MRI-
14219 and MRI-14220,

e ———— . S e e - AAD St  ntetee -eeenlt
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Cables No. SP1642 and SP1644, both of which have a dielectric
material between two braids gave different results for the different lengths
of cable samples measured. In addition any handling of the cable caused a
veriation in insertion lcss. The ourves in both oases show the different
results obtained in eaoh case. The results are an average cf the individual
values obtained. In the case of SP1644¢ tha dual values were not evideat at
6, 7,&8 kmo/sec. This might indicate that some sort of cawity effect caused
the above behavior.

The cther special osbles can be compared to RG-8/7, RG-9A/U and
R3-10A/U over the frequency range measured. It should be noted that they
all have an RG-QA/U core and variations of RG-8, 9A and 10A braid and
armour.

With respect to attenuation behavicr the cables fall into the
following four oategories.

Inner Braid Ovter Braid
Type Braid Characteristiocs Type Type
1. RG-9A/U  Double, Silver 9A oA
SP1640 Single, Silver 9A
SP1643 Double, Silver with
thick dielectrio
between braids 9A 9A
SP1646 Double, Silver 8 1°7 §
2. 8SP1639 Single, Silver 8 -
3. SPl1541 Double, Copper 9A 9A
3P1644 Single with armour,
Silver, polyethylene jacket 8 -
RG-IQA/U Single with armour, Copper 8 -
4. RG-8/ Single, Copper 8 -

The oategories are in order of good attenuation characteristios
and & study of the results seem to indicate that both the braid construction
end braid material play an important part in the attenuation characteristios
of an BF cable.

For example all of the cables in category I are similar in
attenuation behavior to RG-9A/U, (Fig. MRI-13622). In each case the lst
braid is silver, and in the case of SP1646 where the braid coverage is less,
having a double braid seems toc produce the seme results. However in the
case of a RG-9A/U braid coverage the second braid does not seem to have
any effect. This is seen by the results on SP1540. Further evidence of
this was seen on a single measurement of SP1641 which showed little change
in attemuation at 7000 mc/aeo. when the outer braid was stripped off.
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Category 2 which shows a curve with a slight bend included an
RG-8 type cable (SP1639) with silver braid whioh was better than RG-8 with
a copper braid but not as good as a single braided ocable with RG-9A type
braid. This result seems to point out the advantage of silver over copper
as a braid material.

Category 3 whioh is an RG-10A/U cable with a silver coated copper
braid has a polyethylene dielectric between the braid and the armour. This
was better than RG-10A/U in attemuation oharacteristics by virtue of the
silver coated copper braid, but as a result of the dielectric in place of s
lossy jacketing material the cable was quite sensitive. This may be due to
a cavity effect since the braids and armour were tied together at the con-
nectors and it was frequency sensitive. No effeot was noticed above § kmcjéec.
SP1541 and the sample of RG-10A/U used, both fall into category 3 at the
higher frequencies.

Category 4 i= of course normal RG-8/U and had the poorest attenus -
tion characteristics.

The above results seem to irdicate the possibility of a good single
braided RF ceblz for use up to 10,000 mc/sec. This cable would include braid
coverage of the type used on RG-9A/U cable and probably a material like sil ver
ooated copper. A considerable amount of research into braid characteristics
and materials is needed for determining optimum construction of RF cables for
use at frequencies above 3,000 mc/sec.

E. Cable Leakage kcasurement

Several sign,ficant results obtained during the work on cable
attenuation are compared in ordur %o determine how the cable braiding
influences the atteav-tion.

Measurements on the single-braided RG-8/U cable show a very rapid
increase in attenuation for freguencies above 4.0 kmc/hec. RG-Q/ﬁ cable hm
a braid structure different from RG-B/U and does not exhibit this excessive
attenuation at high frequencies. A specially made cable having a single
braid identical with the inner braid of the RG-9/U cable has the same attemua-
tion characteristic as RG-Q/U.

The conclusion can be drawn from the above data that same factor
in the braid comstruction, of RG-B/U cable results in the excessive attenua-—
tion. The difference in attemation between RG-B/U and the modified RG-Q[J
cable can probably be attributed either to an inocreased resistance at the
contacts between the braid wires or to leakage through the braid.

Work was initiated to determine whether leakage through the braid
was an important contributing factor to the RG-B/U losses., It is hoped that
such data will lead to recommendations for changes in the RG-8/U braid
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construction giving improved cable performance. The method of measurement
of leakage is based on work done under BuShips contract NObsr-52078. A

cable sample is enclosed within a concentric coaxial shell after the vinyl
cost has been removed. This outer line serves to confine the energy passing
through a fixed length of cablé braid. A match is placed at the end of the
cable and at one end of the outer coaxial line; the other end of the outer
coaxial 1line is shorted. The measured attenuation between the power in the
cable and the leakage power is then an indication of the effectiveness of the
braid shielding. However, this attenuation value depends on the length of the
exposed cable sample, the frequency, and a number of other factors which

seem to prevent a direct comparison with results previously obtained under
contract NObsr-52078. A direct comparison is made possible by using this

attenuation value to calculate a "distributed coupling inductance” parameter
characteristic of the braid: DB

3.06 x 10° (¢-1) 10 20

Zoy 2
o 01 “02

oﬁc (1 - cos 8 cosy)-2V¢ sin 6 siny + (1-¢) sin® ©

= leakage inductance in microhenries/foot

!
¢ = velocity of light in vacuum in cm/sec. = 3 x 10 °
¢ = relative dielectric constant of cable dielectric

Zo1' Z02 = characteristic impedance (ohms) of cable and air line,
respectively

db = measured leakage power attenuation
6 =2nd/\ Y= /T8
0 exposed length of cable
X\ = wavelength in air
The leakage power from the two similar cables is then proportional to Loz.

Shown in Fig. MRI-14222 is an assembly drawing of a leakage
detector originally intended for measurements at lower frequencies, but
modified for a leakage measurement above the critical frequency 4.0 kmo/sec .
The four screws were adjusted using the equipment of Fipg, MRI-14223 until a
low VSWR was obtained at a frequency near 5.5. kmc/sec. The right-angle

stub support VSWR in the neighborhood of the frequency giving the lowest VSWR
is shown in Fig. MRI-14224.

After the stub support was tested, an RG-8/U cable sample manmu-~
factured by the F.T. & R. Corporation, previously tested for attenuation,
was inserted into the leakage tester. Leakage measurements are planned for
the next interwval.
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F. Braid Coverage and Filling Faotor

In an effort to determine some of the factors in the braid con-
struction affeoting attemation some oalculations were made with respeot to
the filling faotor and coverage on the braids used in RG-8/U cable and that
used as the inmner braid in RG-9/U cable. The braids look quite different and
are different, with respect to the number of "ends" and "pioks per inch" as
well as material used. In as muock as the attemuation characteristios are oon-
siderably different one might expeoct that the braid coverage and filling factor
would exhibit a similer differenge. The results are as follows:

RG-8A/U braid RG-9A/U inner braid
Filling factor 2.27 2.32
Coverage 93% 94 .4%

The above results do not show any significant difference as
indicated in the attemuation oharacteristics. The values were obtained using
the following formulas. :

2n2
m.n.do n D 1/%
Filling factor = —%F— (1 + ?—)

where :
D = mean diameter of braid in mm
dw = diameter of braiding wire in mm
L = log of braid in mm
m = total number of spindles

n = mumber of ends/hpindle

Coverage -K = (2F-F2) (100) = peroent coverage

where s a = angle of braid with axis of cable
tan a = 2n DP/C

= diameter of braid wire in inches
= mumber of oarriers
diameter of braid (I.D.)
= NPd/hin a
= nmumber of ends/barrier

= picks/inch of cable length

v = M O o a P
)
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G. Pro&ram

The program for the tinal period will inciuas the following.
Te A zompiete sat of surves and data on the cables measured.

2. An evaluamtion of the affects of sgs and nandfing on the
sttenuation measuren uts of the cabies messured and its
reitationship to the series of measurements.

(£}

Ar. evaiuation conclusion reached on cebie construction as
1t effects ettenustion charactaristics .

4, Results of a leakage measurement program on RG-8/U aua RG-9/U
tvove cable.

S An oveluation of previous data on cabie attapuation measure-
merts surplied by the Bureau of Snips

8. Recommendstions for farther study

H Ident1f1cstion of Personne.

Tha &bovs work 1s baing carried out thru ‘ne eifortse 2t th=
fotlowing personnsi

Dr. J. W. E. Griemsmann Assoriste Dire to: Part Time
Mr S. W Rosenthsi Reaswaren Assistant Part Time
Protesgor
Mr. L. Birenbaum Resesnr~h Assotrate Part Time
Junivr Grast~
Ur W. Ze:ager Tsrhracisn Full Time
»- ”~
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Catie Type

Ti

TABLE 1

Sample Lengtis

Avsrege Att/100 ft.
Buffer ksthod

2500 mco

RG--8/U
RG-710A/U
RG--18,/U
RG- 55,0
RG . 4./U

3300 me

e oo ]
3000 m~

o e S ke

50, 100
60, 100
100

50, 100
30, 50

——r—

13.5
15.6
8.7
27,85
24 .1

Ri- 3,0
RG- L0A/U
RG 18U
RG 65,1
RG-14%/U

b e e P

0
60,
102
50, 100
30, 50

100
100

»

.

(&) b
[t {9 3 & CHR & 2]

[g¥

RG-8/U
RC-20A/U
RT 18,1
R 550
RG-141:0

o = e =

RG-1CAAU
RG-18,U
R3-.5/1
RG 1410
RZ- . 1/U
RG24 /U

T

50, 100

) -

. s 3
N S | U oo O

2
5G, 1o 2
LMC 1,3
80, 10 39
3G, 5v 3Lk «8
8o, U 22.08
0, 107 30.6G%
106 16.74
25, &0 48.6
25 50 35.58
.CC 21
1.5 24.96

6C|l_,r \ m

e R R Y U

RG 84

RG . 4/0
RG-. 80
RG S5EA
RG-I4. /U
RG-i3/T

RG 74/

~G

ac

20 10

63, 62 .(C
26 4C

0. 50

o0

3i .5
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TABLE 1 (coutb.)

Avarage Att/iC0 ft.
Frequency Cable Type Sanple Lerpgths Buffer Method N
7000 me RG--8,/U 30, 30, 4G, 60 6L 47 - 82
| RG-10A/U 30, 40 56.48
| RG.18/ 63, 33, 100 3. - 47.73
RG-3% /U 25, 40 64 .13
RG--141 /U 20, 50 44.16
RG--14,T 100 33.56
RG-74,U 81.5 33.6
o i s R S,
8CUC me RG-8,/U 15, 15 i08 - 16..5
RG - 10A/ U 30, 3C 73.5 ~ §€.6
RG~18 /U 30, 32.8 5G.8 ~ 100
RG--58 /1 &, 25 81
RG--14..U 30, 50 48.45
G-14/U 50 7.8
RG-73/U S, 50 44,145
| Mothod Ne. 7
900C mc RG-3/9 18, 15, 20 165 - 220
R3-i1UAM 20, 3¢ 85.8 - 105
RG-89 16.3, 25, 16.3, 56 ~ 107
16.3
RG. 55,0 2%, 25, ¢b 9L « 92.2
RG--141,/Y 30, 50 52 .88
314/ 80, 35
! RG 74/ 36, 60 6C.4
10,000 me ( RG--8,U i5, 15, 26 173 = 24%
| RG-10AN 30, 20 83.3 = 95
| BG-iB 16.2, 16.3 §9 - 101
P OR=E5 AU &, 25, &€ 110 -+ 126.8
| ORG IU 30, 50 59 .35
| RG-T4,U 25, 25 1.2
] RG-74/U | 30, 50 62 .75
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TABLE I1I

- . - —— o

Averaga Att/100 ft.

Frequency Cabie Typ= Sample Length Buffer Method

2500 ma SP.1529 50, 100 13.76
SP-1640 50, 100 15.28
SP-1451 5C, 100 14.63
SP-1£42 50, 100 30.7 - 24
SP-1543 50, 100 16.3¢
SP-1544 30, £0, 1CO 18 - 2z.2
SP-1645 5C. 100 1z.81

3000 m:= SP.-15239 5C, 100 16,12
SP-184C 650, 100 17.68
SP-1541 50, 1C0 16.8
SP--1542 34.3, 60O 36.5 - 41
SP-1543 5C, 100 17.88
SP-1534 40, £0, 100 19.4 - 21.5
SP-1645 S0, 100 ié

2650 meo SP-153% 50, 100 18.75
SP-.54C §0, 100 20..
SP-l5al 50, 130 18.71
SP-i042 22.3, §O 48 - g
SP-1543 50, 100 21.G5
SP-154%4 40, 60, 100 22 - 27.78
8P-1645% 50, 100 i8.2

4000 m- SP-.1528 50, 100 19,07
SP--154% 50, 100 2148
SP-1341 50, 10C 20
SP...642 34.2, 650 46.6 - 54.5
SP..1542 50, 100 22.27%
SP-1514 40, 5C, 102 24.8 -~ 29,0
SP- 5548 6C, 100 16.5

4500 mo SP-1529 30, 1C0 21.3
SP--.64C 50, 1G 23,77
SP164: 50, iCO 22.03
SP..154¢ 4.3, EO 48.4 - B
SP-16423 5G, 100 24 .4
SP-1544 40, 60, 100 27.5  3%.4
SP~1545 55, 100 21.74

x i




R-310.6-54, PIB.249.6 T4

TABLE 11 (Cout.)

Averags AtE/100 ft.

Frequency Cabia ’I’yps_ﬁ_____ig_x‘x_l&._ﬁ_ iength Buffsr Method

6000 mo SP-1539 50, 100 23.89
SP-1540 6C, 100 26.5
SP-1541 50, 100 24 4%
SP--1532 34.3, 6C 49 - 62
SP-1543 50, 100 25.76
SP-1544 40, 50, 10C 3Z - 38.6
SP..i54b §0, 100 22.58

6000 me SPl53% 50, 1C3 28,73
SP-1540 30, .00 29 .5
SP-lbtl 806, .00 28,98
EP-.542 33,3, 4.2 £4.3
fP.Lahez ) 3C. 1C0 29.53
SP- 1544 42, &l 41 .46
SP-154% 59, 100 28.66

7000 m~ SP..52% 53, 100 7.95
SP-ig4C §G, 100 73.56
SP. b4’ B2, L 28.44
SP-1542 34.3, 24.2 §7..5
SP-1542 5G, 100 33.8 .
SP-- 544 40, 50 §2.25
SP-:i4n &C, 10T 35

8000 me SP..15639 o, 34.3 63.7
SP--1540 50, 73 28.5
SP..1541 37.5, BO 59.58
SP-1542 34.3, 4.2 G5 .9
SP 1542 50, 100 37.95
SP-1ta4 5C, 40 )
SP-1545 50, 100 24.62

9000 me SP-1539 B0, 34.3 610"
SP..i54o EQ, 75 43 .9
SP-154 37.5, 50 Wl
SP-1542 33.3, 34.3 73.9
SP-1543 50, 100 4] .30
SP-i3544 20, 20 785 . 2238
SP-54% 50, 100 40

10,000 mc SP-1539 50, 4.4 70 ~ V8.6
SP-2340 50, 7o 52 .32
S3P..541 37 .0 97 .9
SP.. 542 33.3, 32.3 104 .25
SP--1543 50 45
SP-1544 20, 20 28 < 173
SP-1545 50 44 .
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